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(54) VARIABLE OPTICAL ATTENUATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a variable 
optical attenuator with a small number of components, 
that can easily be assembled because each optical 
component can easily be processed, can inexpensively 
be manufactured, downsized, designed independently of 
a polarized wave, and have an enhanced degree of ^ 
freedom In mounting by placing input and output to the 
same side of the attenuator. i 
SOLUTION: In the variable optical attenuator, a parallel 
plane type splitting and compositing double refraction 
element 10 that splits lights whose polarized wave 
directions are orthogonal to the same optical paths and 
composites lights of the different optical paths, an optical 
converging lens (convex lens 12) and a reflection mirror 

18 placed at a focal position of the lens are arranged in the order. Then a variable polarized 
wave rotation means (basic film Farady element 14) and a stationary polarized wave rotation 
means (basic film Farady element 16) are placed between the splitting and compositing 
double refraction element and the reflection mirror, an input port (input fiber 20) and an output 
port (output fiber 22) are placed at the side of the splitting and compositing double refraction 
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element. The variable polarized wave rotation means controls a rotary angle in a direction of a 
polarized wave to control a reflection output light quantity. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

L This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The parallel flat-surface type birefringence element for separation composition which 
compounds the light of the optical path from which the direction of polarization separates the light of the 
same optical path in orthogonality relation, and differs, The lens of optical convergency and the 
reflecting mirror arranged in the focal position of this lens are arranged in the sequence. An adjustable 
polarization rotation means is installed in the arbitrary positions between the aforementioned 
birefringence element for separation composition, and a reflecting mirror. The good light variation 
attenuator characterized by controlling the reflective output quantity of light by setting input port and an 
output port to the edge side of the aforementioned birefringence element for separation composition, and 
controlling angle of rotation of the direction of polarization by the aforementioned adjustable 
polarization rotation means. 

[Claim 2] The good light variation attenuator according to claim 1 which installed 2 heart ferrule so that 
an input fiber might be located in input port and an output fiber might be located in an output port. 
[Claim 3] The parallel flat-surface type birefringence element for separation composition which 
compounds the light of the optical path from which the direction of polarization separates the light of the 
same optical path in orthogonality relation, and differs, The lens of optical convergency and the 
reflecting mirror arranged in the focal position of this lens are arranged in the sequence. An adjustable 
polarization rotation means and a fixed polarization rotation means are installed in the arbitrary positions 
between the aforementioned birefiingence element for separation composition, and a reflecting mirror. 
The good light variation attenuator characterized by controlling the reflective output quantity of light by 
setting input port and an output port to the edge side of the aforementioned birefringence element for 
separation composition, and controlling angle of rotation of the direction of polarization by the 
aforementioned adjustable polarization rotation means. 

[Claim 4] The good light variation attenuator according to claim 3 which installed 2 heart ferrule so that 
an input fiber might be located in input port and an output fiber might be located in an output port. 
[Claim 5] An adjustable polarization rotation means is a good light variation attenuator possessing the 
Faraday cell from which a Faraday-rotation angle changes according to an adjustable composition 
magnetic field, and the adjustable magnetic field impression means which impresses an external 
magnetic field to this Faraday cell more than from a 2-way, and carries out adjustable [ of those 
synthetic magnetic fields ] according to claim 1 or 2. 

[Claim 6] The good light variation attenuator according to claim 3 or 4 characterized by providing the 
following. An adjustable polarization rotation means is a basic film Faraday cell from which a Faraday- 
rotation angle changes according to an adjustable composition magnetic field. A fixed polarization 
rotation means is a compensation film Faraday cell from which the magnetic field impression means 
which impresses an external magnetic field to tiiis basic film Faraday cell more than from a 2-way, and 
carries out adjustable [ of those synthetic magnetic fields ] is provided, and, as for the aforementioned 
basic film Faraday cell, the direction of Faraday rotation differs. A magnetic field impression means to 
impress an external magnetic field to this compensation film Faraday cell from one or more directions. 
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[Claim 7] A compensation film Faraday cell is a good light variation attenuator according to claim 6 
which is what presents the property that a Faraday-rotation angle hardly changes to an adjustable 
composition magnetic field, 

[Claim 8] It is the maximum angle of rotation according the maximum angle of rotation by the basic 
fibn Faraday cell to theta 1 and a compensation film Faraday cell theta 2 Good light variation attenuator 
according to claim 6 or 7 which fills [ in the case of theta 1 <=61 degree ] the relation it is unrelated 32- 
thetal <=theta2 <=58-thetal in the case of 32-thetal <=theta2 <=-3thetal >=61 degree when it carries 
out. 

[Claim 9] The good light variation attenuator according to claim 1 to 8 which the parallel flat-surface 
type birefiingence element for separation composition becomes fi:om a rutile crystal. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this trsinslation . 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] When this invention is described in more detail about a 
reflected type good light-variation attenuator, it arranges the birefringence element for separation 
composition, a lens, and a reflecting mirror, sets input port and an output port to the birefringence 
element side for separation composition, and relates to the good light-variation attenuator whose 
adjustment of the magnitude of attenuation of an incident light was enabled by controlling angle of 
rotation of the direction of polarization by the adjustable polarization rotation means installed between 
the birefringence element for separation composition, and the reflecting mirror. 
[0002] 

[Description of the Prior Art] The optical attenuator for controlling the amount of transmitted lights is 
required of an optical transmission system or an optical instrumentation system. Typically as this kind of 
an optical attenuator, the composition of the opposed type which installs a polarizer and an analyzer 
before and behind on the optical axis of Faraday-rotation angle adjustable equipment (an input side and 
output side) is adopted. The Faraday-rotation angle adjustable equipment incorporated impresses an 
extemal magnetic field to Faraday cells (magnetic garnet single crystal film which has the Faraday 
effect) with an electromagnet etc., and controls the Faraday-rotation angle of the beam of light which 
penetrates a Faraday cell by changing the extemal impression magnetic field. In an optical attenuator, 
adjustable control of the magnitude of attenuation of light is carried out by control of this Faraday- 
rotation angle. 

[0003] In such an optical attenuator, as a polarizer and an analyzer, although a compound polarizing 
prism may be used theoretically, when a compound polarizing prism is used, the amount of incident 
lights will be mostly halved with a polarizer. Then, it is more practical to usually consider as 
polarization non-dependence in a fiber combination type device using a wedge birefiingence crystal 
plate (for example, rutile crystal). 

[0004] The incident light from an input fiber passes in order of a polarizer, the Faraday cell of Faraday- 
rotation angle adjustable equipment, and an analyzer, and is combined with an output fiber. A Faraday- 
rotation angle will change by controlUng the adjustable magnetic field impressed to a Faraday cell, and 
the quantity of light which can pass an analyzer by it will be controlled. 
[0005] 

[Problem(s) to be Solved by the Invention] However, if the dimensional accuracy of the wedge 
birefiingence crystal plate which makes a pair is very important for a polarizer and an analyzer in the 
optical attenuator of the structure which uses a wedge birefringence crystal plate and pair precision is 
bad, it will have a bad influence on an isolation property. Therefore, processing is very difficult and it 
takes cost and time. Furthermore, it sets like an assembler, and the precision of the alignment of the 
direction which intersects perpendicularly with the optical axis of a wedge birefiingence crystal plate is 
important, and the position gap also has a bad influence on an isolation property. Therefore, much cost 
also starts assembly adjustment. 
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[0006] By the way, incorporating an optical attenuator for every wavelength for the equation of an 
insertion loss is performed by having begun to put wavelength multiplex communication in practical use 
in recent years. It is important that it can manufacture cheaply and can miniaturize especially with such a 
use gestalt. Use of a wedge birefringence crystal plate is disadvantageous at such a point. 
[0007] Moreover, as for such a conventional optical attenuator, since light is the opposed type 
(composition in which an input fiber and an output fiber are located in the edge of an opposite side) 
which passes from the end side of a device to an other end side, except when carrying out opposite 
arrangement of the I/O, for fiber leading about, a latus space is needed and the flexibility of mounting 
also has a low problem. Furthermore, a big installation space is required for a direction perpendicular to 
an optical axis because of the electromagnet which is the component part of Faraday-rotation angle 
adjustable equipment, and there is also a problem whichis [ thin-shape-] hard toize. 
[0008] The purpose of this invention is offering the good light variation attenuator which there are few 
required part mark, and processing of each optic is easy, and can be easy to assemble, can manufacture 
cheaply, and can be miniaturized, and is moreover made to polarization non-dependence. Other purposes 
of this invention are setting I/O to the same device side, and the flexibility at the time of mounting is 
offering the good light variation attenuator suitable for increase and thin shape-ization. 
[0009] 

[Means for Solving the Problem] The parallel flat-surface type birefringence element for separation 
composition which compounds the light of an optical path which this invention separates the light of the 
same optical path which has the direction of polarization in orthogonality relation, and is different, The 
lens of optical convergency and the reflecting mirror arranged in the focal position of this lens are 
arranged in the sequence. An adjustable polarization rotation means is installed in the arbitrary positions 
between the aforementioned birefringence element for separation composition, and a reflecting mirror. It 
is the good Ught variation attenuator characterized by controlling the reflective output quantity of light 
by setting input port and an output port to the edge side of the aforementioned birefiingence element for 
separation composition, and controlling angle of rotation of the direction of polarization by the 
adjustable polarization rotation means. 

[0010] Moreover, the parallel flat-surface type birefringence element for separation composition which 
compounds the light of an optical path which this invention separates the light of the same optical path 
which has the direction of polarization in orthogonality relation, and is different. The lens of optical 
convergency and the reflecting mirror arranged in the focal position of this lens are arranged in the 
sequence. An adjustable polarization rotation means and a fixed polarization rotation means are installed 
in the arbitrary positions between the aforementioned birefringence element for separation composition, 
and a reflecting mirror. It is the good light variation attenuator characterized by controlling the reflective 
output quantity of light by setting input port and an output port to the edge side of the aforementioned 
birefringence element for separation composition, and controlling angle of rotation of the direction of 
polarization by the adjustable polarization rotation means. 

[001 1] Through the birefringence element for separation composition, and a lens, the light which carried 
out incidence condenses to a reflecting mirror, and is reflected, and outgoing radiation of the reflective 
return light is again carried out through a lens and the birefringence element for separation composition. 
Light goes and comes back to an adjustable polarization rotation means or an adjustable polarization 
rotation means, and a fixed polarization rotation means (in fact portion of those Faraday cells) in the 
process. As reflected type composition, it constitutes from this invention so that one birefiingence 
element may make two fimctions, a polarizer and an analyzer, serve a double purpose, respectively. 
[0012] Here, 2 heart ferrule is installed so that an input fiber may be located in input port and an output 
fiber may be located in an output port. Of course, it may replace with an optical fiber and an optical 
waveguide etc. may be used. 

[0013] Typically, an adjustable polarization rotation means turns into an adjustable magnetic field 
impression means by which a magnetic field can be impressed from a 2-way and those synthetic 
magnetic fields can be changed from the basic film Faraday cell from which a Faraday-rotation angle 
changes according to the synthetic magnetic field. Moreover, typically, a fixed polarization rotation 
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means is not based on the synthetic magnetic field impressed, but has a compensation film Faraday cell 
with a fixed Faraday-rotation angle. The direction of Faraday rotation of a basic film Faraday cell and a 
compensation film Faraday cell chooses material so that it may become a retrose. Although it is 
desirable to share at least a part, you may constitute individually the magnetic field impression means of 
these adjustable polarization rotation means and a fixed polarization rotation means. It arranges 
combining a basic film Faraday cell and a compensation fihn Faraday ceU, a fixed field system is 
impressed in the direction to which light goes with a permanent magnet etc., and an adjustable magnetic 
field is impressed in the direction perpendicular to it with an electromagnet etc. The high magnitude of 
attenuation is realizable by considering as such composition. 

[0014] this invention is a reflected type, and when the basic film Faraday cell whose Faraday-rotation 
angle is 45 degrees is used, in order that hght may go and come back to a Faraday cell, on the other 
hand, Mukai's Faraday-rotation angle will rotate 90 degrees both ways at least 45 degrees. Since the 
direction of a synthetic magnetic field does not become perpendicular to the direction to which Ught 
goes in impressing a synthetic magnetic field with a vertical adjustable magnetic field to the fixed field 
system of the direction of an optical axis, and it, the adjustable width of face of a Faraday-rotation angle 
will become about 5 - 90 degrees, and the adjustable width of face of the magnitude of attenuation will 
also become small. However, since the adjustable width of face of a Faraday-rotation angle becomes 
large with 0 - 90 degrees when a basic fihn Faraday cell and a compensation fihn Faraday cell are 
combined, the adjustable width of face of the magnitude of attenuation also becomes large. 
[0015] As an parallel flat-surface type birefiingence element for separation composition, a rutile crystal 
is used, for example. As for an "parallel flat-surface type", plane of incidence and an outgoing radiation 
side say an parallel configuration (plane of incidence does not need to be strictly perpendicular to an 
incident light), and not only an parallel monotonous configuration but a block configuration or a 
rectangular parallelepiped configuration of a parallelogram etc. is included here. 
[0016] 

[Example] Drawing 1 is optical-path explanatory drawing showing one example of the good light 
variation attenuator concerning this invention, and drawing 2 is explanatory drawing of the polarization 
situation between each of that optic. In order to give explanation intelligible, the following axes of 
coordinates are set up. The array direction (direction to which an incident light goes) of an optic is made 
into the direction (a drawing right) of z, and let the 2-ways which intersect perpendicularly to it be x 
directions (horizontal) and the direction (perpendicular direction) of y. Therefore, A of drawing 1 will 
call it a plan and B will call it firont view. The polarization situation shown by a-d of drawing 2 is 
drawing seen in the direction to which the Ught in the position shown by a-d of B of drawing 1 goes. 
[0017] At this good light-variation attenuator, the parallel flat-surface type birefiingence element 10 for 
separation composition which compounds the Ught of a different optical path which separates the light 
of the same optical path which has the direction of polarization which goes in the direction of z in 
orthogonality relation in the direction of y, and goes in the du-ection of -z in the direction of -y, the 
convex lens 12, basic fihn Faraday ceU 14 and compensation film Faraday cell 16, and the reflecting 
mirror 18 arranged in the focal position of the aforementioned convex lens 12 are arranged in the And 
input port and an output port are set as the side (a drawing left end side) of the aforementioned 
birefiingence element 10 for separation composition. In this example, 2 heart ferrule 24 is installed so 
that the direction of z may be seen, tiie input fiber 20 may be located in the input port of a lower-berth 
right-hand side optical path and the output fiber 22 may be located in the output port of a lower-berth 
left-hand side optical path. 

[0018] The birefi-ingence element 10 for separation composition consists of an parallel monotonous type 
rutile crystal. By a Faraday-rotation angle not changing according to the synthetic magnetic field 
according [ basic film Faraday cell 14 ] to the impression magnetic field fi-om a 2-way, compensation 
fihn Faraday cell 16 is not based on a synthetic magnetic field, a Faraday-rotation angle maintains 
simultaneously regularity, and, as for a basic film Faraday cell, the directions of Faraday rotation differ. 
Although a magnetic field impression means omits illustrating, it is the composition of impressing a 
fixed field system in the direction to which Ught goes with a permanent magnet, and impressing an 
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adjustable magnetic field in the direction perpendicular to it with ^^f l^<^tromapiet Here U c^^^^ 
Lrangement to which both these fixed field systems and an adjustable magnetic field are impressed to a 
basic film Faraday cell and a compensation film Faraday cell. 

100191 Next operation of this good light variation attenuator is explained. , r ^ woi 

0020 rrSdZ-rotation angle : 45 decrees) The case where the Faraday-rotation angle of the sum total 
f"m J^^^^^^ and compensation fihn Faraday cell 16 is 45 de^ees is first sho^^ m A of 
c^winel In the lidit which carries out incidence in the direction of z fi-om the input fiber 20, 
^Ssu ^es strdght on with the birefringence element 10 for separation composition, and unusual 
S ^rlS^ out optical separation in the direction of y. And it condenses wiA a convex 

ieS 12 ^ compensation film Faraday cell 16 and basic film Faraday cell 14 are passed by ttie middle^ 
Skfce thTF^S-rotation angle is set as 45 degrees, the direction of polarization rotates 45 degrees, and 
reacheran^^^^ in the reflecting mirror 1 8 of a lens focal position. - The -fl-ted h^^^^^^^ 
returns in the direction of z passes basic fihn Faraday cell 14 and ^^^^P^-f ^^jfi^.^X^^^^^^^^^ 
aeain and in that case, the direction of polarization cames out rotation of it fiirther 45 degrees 
ftoCe Ae sum total 90 degrees), and it turns into parallel light with a convex lens 12. Tsunemitsu of 
itwtb;^ op^^^^^^ goes' s Jght on with the birefringence element 10 for separation composition, 
since the unusual ligh\ of ^ upper case optical path is refracted in the direction of -y polanzation 
compostoon is carried out and all light combines it with the output fiber 22. Thus, when a Faraday- 
Son Se is 45 degrees, the total quantity of light will carry out outgoing radiation of most amounts 
of incident lights from the input fiber 20 to the output fiber 22 mostly, without decreasing. 
mS cFaraday-rotation angle : 0 times) Next, the case where the Faraday-rotation angle of the sum 
total by basic fihn Faraday cell 14 and compensation film Faraday cell 16 is 0 Umes is shown m C of 
drawing 2 . In the Ught which carries out incidence in the direction of z from the input fiber 20, 
SerStsu goes straight on with the birefringence element 10 for separation composition, and unusual 
hSt rSted and carries out optical separation in the direction of y. And it condenses w,* a convex 
Su^d compensation fihn Fairaday cell 16 and basic fihn Faraday cell 14 are passed by the middle. 
Sbce tiiXaday-rotation angle is set as 0 times, it does not rotate, but the direction of Polanzation is 
aSi and reflected in the reflecting mirror 18 of a lens focal position - Although the refl^^^i h^* 
wS returns in the direction of z passes basic fihn Faraday cell 14 and compensation film Faraday cell 
76 TainTn't rotate the direction of polarization in that case, either, but it becomes parallel light with a 
convex lens 12. And with the birefringence element 10 for separation composition, Tsunemitsu of an 
uppir case optical path goes straight on, and the unusual light of a lower-berth optical path is refracted 
?n L direction of -y. Therefore, the incident light from the input fiber 20 is hardly combined with the 
output fiber 22. that is, the amount of incident lights from an input fiber - all will decrease ahnost 
[0022] (Faraday-rotation angle : 22.5 degrees) It is as follows when it is arbitrary angles while the 
Faraday-rotation angle of the sum total by basic fihn Faraday cell 14 and compensation Ahn Faraday 
cell 16 is 0 - 45 degrees. For example, the time of 22.5 degrees is shown m B of drawmgl . In tiie hght 
which carries out incidence in the direction of z from the input fiber 20, Tsunemitsu goes strai^t on 
with the birefringence element 10 for separation composition, and unusual hght is refracted and cames 
out optical separation in the direction of y. And it condenses with a convex lens 12 and compensaU^^ 
fihn Faraday cell 1 6 and basic fihn Faraday cell 14 are passed by the middle^By compensation film 
Faraday cell 16 and basic film Faraday cell 14, arbitration carries out angle (B of temgl 22.5 
degrees) rotation, and the direction of polarization is attained and reflected m the reflecting mirror 18 of 
a lens focal position. - the reflected Ught which returns in the direction of z passes basic film Faraday 
cell 14 and compensation film Faraday cell 16 again, and its direction of polar^ation is still the same 
also in that case - carry out angle (here, it is 45 degrees by 22.5 degree:, therefore the sum total) 
rotation, and it becomes parallel light with a convex lens 12 And since the amount of [ of a lower-berth 
optical path ] usual state Mitsunari goes sfraight on with the birefringence element 10 for sep^ation 
composition and the unusual Ught component of an upper case optical path is refracted m the direction 
of -y polarization composition is carried out and those components are combined with the output fiber 
22. However, since the amount of [ of an upper case optical path ] usual state Mitsunan goes straight on 
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and the unusual light component of a lower-berth optical path is refracted in the f ^^^^ .^/j' ^ er 20 
^^mpon^ts are not combined with an output fiber. Therefore, the ^"^^^^^^ light frorn the i^^^^^ 
Secline, and will carry out outgoing radiation to the output (amount of mcident lights mostly halved. 

moSmurt«^ Xts inloL way reflective output quantity of light) of 

l iMm ZZT.ly adjusted by controlling angle of rotation of the direction of polanzation by 

mt24[ field strength when using only a basjc fibn Faraday ceU 4^ degrees 

K relation of a Flraday-rotati^ . . 

d^^t^a^ ema^^^^ field strength arfd a magnitude-of-attenuation property is sho>^ m drawmg^ . 
ACghTfon3s as a good li^t variation attenuator even when only a basic fihn Faraday cell is 
us^AS de^^^^^ since the adjustable width of face of a Faraday-rotation angle becomes abou 8 - 90 
deSees Se capacity of J electromagnet (in order that a synthetic magnetic field "^ay not to an 
opS ^is perpendicularly completely), the maximum magnitude <>f ^"^nuation is set to a^^^^^ 
?00251 The electromagnet magnetic field strength when combining a basic fihn Faraday cell and a -10- 
S lomptsSfihn Farfday cell 55 degrees to it and the relation f^^f -^a^^^^^^^^ 
shS^n in drawing 5 , and the relation between ekctromagnet niagnetic '^^''^l^^^^^''^^' 
of-attenuati^^^erty is shown in drawing^ . here - a basic fihn Faraday cell - for example. 
Thi OOYO 65Bil 35Fe4 05Ga 0.95O12 - the magnetic garnet LPE film of composition - it is -- a 
lompSS^ -- for example. Gdl.00Y0.75Bil.25Fe4.00Ga 1.00O12 - is the 

maXtic 12^^^^ film of composition If it is made such a combination, the adjustable width of face 
7!^Tl7St^on angle will become large with -10-90 degrees, and can also enlarge the maximum 

t^^TA:^^^ZX:^n. example of this invention was explained, this invention .^^^ 
S only to this composition. The insertion point of a basic film Faraday cell and a compensation 
ZtLad^ X Ltricted to the example of drawing . Drrtlgl shows other examples. In 
order to sinmlify explanation, the same sign is attached about drawing 1 and an optic. 
Tmi]^ZS\c shown in A of dra4l^ . basic film Faraday cell 14 and compensation fihn 
FarSav cdl 16 are arranged between the birefringence element 10 for separation composition, and a 
fensl2^llough the saiSe is said of the case of teingJL , reverse is sufficient as the sequence of 
S c film FaraL ceU 14 and compensation fihn Faraday cell 16. In the example shown m B of 
dr^winS S fihn Faraday ceU 14 is arranged between a lens 12 and a reflecting mirror 18. and 
^Stion film F^^^^^ cell 16 is arranged between the birefringence element 10 for sep^ation 
SSr^dl SI In tiie example shown in C of drawing , conversely, basic film Faraday 
celTl 4t^'a^ed between the birefringence element 10 for separation composition, and a lens 12, and 
compensation fihn Faraday cell 16 is arranged between a lens ^^^^ J^^^^trng rnirrc^ 18 _ 

100281 Even when a basic fihn Faraday cell and a compensation fihn Faraday cell attain to plurality, as 

onfaStween the birefringence element 10 for -P-tiori imposition 

vou may arrange in any position. For example, in the example shown m D of drawing 7 . *e basic mm 
Fm^TcXf L sheete and the compensation film Faraday cell of one sheet are arranged betiveen a 
fe^l^'^d a re^^^^^^ mirror 18 in piles in order of basic fihn Faraday cell 14. compensation fihn 

SfT^U^^^^^^ between the basic film angle of rotation from which the 

LeSoss n tiie electromagnet magnetic field stiength 0 is set to IdB or less, and a compensation 
Z rie o? ot^^ is shown in Table 1 . Moreover, if it is within the limits shown in Table wheri a 
bShn ^gle of rotation is 61 or less degrees and a compensation fihn angle of rotation is [ -3 or less 
times aSa basic fihn angle of rotation ] 61 degrees or more, the high magnitiide of attenuation 25dB or 



more can be obtained. 
[0030] 
[Table 1] 
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[0031] The insertion loss in the electromagnet magnetic field strength 0 is small, and the field shown 
with the slash of drawing 8 showed the relation of the Faraday-rotation angle of the basic film Faraday 
cell which can obtain the high magnitude of attenuation, and a compensation film Faraday cell. When a 
formula shows, it is the maximum angle of rotation according the maximum angle of rotation by the 
basic film Faraday cell to theta 1 and a compensation film Faraday cell theta 2 When it carries out, in the 
case of thetal <=61 degree, in the case of 32-thetal <=theta2 <=-3thetal >=61 degree, it is desirable to 
make it fill the relation it is unrelated 32-thetal <=theta2 <=58-thetal. 

[0032] Specifically, a fixed-field-system impression means is constituted firom arranging the permanent 
magnet in a circle magnetized to shaft orientations on an optical axis, and an adjustable magnetic field 
impression means is considered as composition in which a basic film Faraday cell is located in the gap 
as an electromagnet which looped the C type core around the coil It is a reflected type, and since an 
optical path does not exist in the rear-face side of a reflecting mirror, it is arranging an electromagnet 
using the space of the background of the reflecting mirror, and it is [ the superficial part arrangement of 
this invention is attained, and ] effective in thin-shape-izing of a good light variation attenuator. 
[0033] 

[Effect of the Invention] Since this invention is the reflected type good light variation attenuator 
constituted as mentioned above, though part mark are a ** space few, an equivalent performance may be 
discovered as compared with the optical attenuator of the conventional opposed type. Moreover, the 
structure to which the good light variation attenuator concerning this invention was suitable also for the 
increase of the flexibiHty of mounting and thin shape-ization since input port and an output port served 
as the same direction is acquired. Furthermore, since there are few part mark, it becomes possible to 
manufacture by the low price. 

[0034] Moreover, by this invention, in order that light may pass both ways, in the case of the 
conventional opposed type, the thickness of a Faraday cell is compared, and can be reduced by half, and- 
izing can be carried out [ low cost ] also at the point. Furthermore, if it is the composition which 
combines a basic film Faraday cell and a compensation film Faraday cell, the adjustable width of face of 
a Faraday-rotation angle will become large, the maximum magnitude of attenuation can be enlarged to 
about 40dB, and a good property will be acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Optical-path explanatory drawing showing one example of the good light variation 
attenuator concerning this invention. 

[Drawing 2] Explanatory drawing of the polarization situation between each of that optic. 

[Drawing 3] The graph which shows the electromagnet magnetic field strength when using only a basic 

fihn Faraday cell 45 degrees, and the relation of a Faraday-rotation angle. 

[Drawin g 4] The graph which shows the electromagnet magnetic field strength when using only a basic 
fikn Faraday cell 45 degrees, and the relation of a damping property. 

[Drawing 5] The graph which shows the electromagnet magnetic field strength when combining a basic 
film Faraday cell and a -10-degree compensation film Faraday cell 55 degrees, and the relation of a 

Faraday-rotation angle. 

[Drawing 6] The graph which shows the electromagnet magnetic field strength when combining a basic 
film Faraday cell and a -10-degree compensation fihn Faraday cell 55 degrees, and the relation of a 
damping property. 

[Drawing 7] Optical-path explanatory drawing showing other examples of the good light variation 
attenuator concerning this invention. 

[Drawing 8] Explanatory drawing showing the relation of the Faraday-rotation angle of a basic film 
Faraday cell and a compensation film Faraday cell whose insertion loss in the electromagnet magnetic 
field strength 0 can obtain the high magnitude of attenuation small. 
[Description of Notations] 

10 Birefiingence Element for Separation Composition 

12 Convex Lens 

14 Basic Film Faraday Cell 

16 Compensation Film Faraday Cell 

18 Reflecting Mirror 

20 Input Fiber 

22 Output Fiber 

24 2 Heart Ferrule 
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